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7UXVW LVRQHRI WKHPRVW LPSRUWDQWFRQFHSWVJXLGLQJGHFLVLRQPDNLQJDQGFRQWUDFWLQJ LQ




SOLHG WR DYRLG WKH XVHRI WUXVWHG WKLUGSDUWLHV ,W LQFOXGHV VRFLDO EHKDYLRXU IRU LPSOHPHQWLQJ
SXQLVKPHQWZLWKRXWHPSRZHUHGDXWKRULWLHV:HDUJXHWKDWE\DGRSWLQJRXULGHDVLQRSHQV\V
WHPV DJHQWV FDQ DXWRQRPRXVO\ GHDO ZLWK GHFHSWLRQ DQG LGHQWLI\ WUXVWZRUWK\ SDUWLHV 2XU
DSSURDFKWRWKLVSUREOHPLVWZRIROG$JHQWVFDQREVHUYHWKHEHKDYLRXURIRWKHUVDQGWKXVFRO








DOVR QDWXUDO IRU FRQWUDFWLQJ 7KH LQWHUDFWLRQ RI DJHQWV LPSURYHV LI WKH\ XVH FRPPXQLFDWLRQ
DERXWREVHUYDWLRQVDQGDSSO\WKHWUXVWPRGHOWRHYDOXDWLQJQHZFRQWUDFWSDUWQHUV:HGHPRQ






RU XQUHOLDEOH VRFLHW\ PHPEHUV DUH FXUUHQWO\ QRW RU RQO\ IUDJPHQWDULO\ LQFOXGHG ,QVWHDG PRVW
PXOWLDJHQWV\VWHPVDUHIRXQGHGRQEHQHYROHQFHDVVXPSWLRQV LQFOXGLQJ WUXVWZRUWKLQHVVRU UHOL
DELOLW\:LWK WKH JURZWK RI QHWZRUN VHUYLFHV WKURXJK WKH ,QWHUQHW ZH ILQG RXUVHOYHV LQ K\EULG
DUWLILFLDO VRFLHWLHV ZKHUH UHDOZRUOG DVVXPSWLRQV DERXW SRWHQWLDO SDUWQHUV PXVW EH SURYLGHG LQ
WHUPVRIDXWKHQWLFDWLRQPHFKDQLVPV6HFXUHQHWZRUNSURWRFROVDQGFU\SWRJUDSK\GRQRWJXDUDQ
WHHUHOLDEOHVHUYLFHVE\DVHUYLFHSURYLGHU LQ WKHQHW7KHUHIRUHDFRQFHSWXDOLVDWLRQRI WUXVWDQG
KRZLWFDQEHXVHGLQDUWLILFLDOVRFLHWLHVLVHVVHQWLDOWRGHDOLQJZLWKGHFHSWLRQLQYLUWXDOZRUOGV




PRGHOGLUHFWO\7HVWLPRQLDO HYLGHQFH IURP LQWHUYLHZVPD\EH EULWWOH DVZLWQHVVHVPD\ KDYH GL










6RPHRIWKH LGHDVSUHVHQWHGKHUHKDYHEHHQ LQVSLUHGE\ WKH LGHDVRI%D]]DQDQGFROOHDJXHV
%D]]DQHWDO7KH\HQULFKHG WKHFODVVLFDOSULVRQHU·VGLOHPPD $[HOURG /XFHDQG
5DLIIDZLWKDJHQWVZLWKVRFLDODWWLWXGHV3OD\HUVDUHHLWKHU UDWLRQDOHJRLVWVRUJHQHURXVDO
WUXLVWV7KHQRWLRQRIPRUDOVHQWLPHQWVZDVLQWURGXFHGWRHVWDEOLVKDPHWKRGIRUDOWUXLVWLFDJHQWV
WRVXSSRUW HDFKRWKHU7KHLU UHVXOWVGHPRQVWUDWH WKDWSXUH UDWLRQDOLW\ DWWULEXWHG WR WKHHJRLVWLF
DJHQWV LQ WHUPVRIQHYHUFRRSHUDWLQJGRHVQRWSD\RII LQ WKH ORQJ UXQ IRUQHLWKHU WKH VLQJOH













7KLV UHVHDUFK LV XQGHU GHYHORSPHQW LQ WKH FRQWH[W RI WKH UHFHQWO\ FUHDWHG LQWHUGLVFLSOLQDU\
ILHOGRIVRFLRQLFV0DOVFKHWDO6RFLRQLFVLVFRQFHUQHGZLWKVWXG\LQJWKHUHOHYDQFHRIVRFLR




7KHSDSHU LV VWUXFWXUHG DV IROORZV ,Q 6HFWLRQ ZH GLVFXVV RWKHU DSSURDFKHV WRPRGHOOLQJ















$WRLQFOXGHDQ\LQIRUPDWLRQWKDWLVFRPPXQLFDWHGWR$E\ZLWQHVVHV:   :  «:  DERXWWKH
KRQHVW\RIDJHQW%7KHKRQHVW\RI% LV WKHUDWLR UEHWZHHQWKHQXPEHURI URXQGV LQZKLFK%
HQDFWHGZKDWLWFRPPLWWHGLWVHOIWRDQGWKHQXPEHURIWRWDOURXQGV7KLVPHDQVWKDW$UHFHLYHVD
QXPEHURIYDOXHVU   «U  IURPZLWQHVVHVDQGZLVKHVWRFRPELQHWKHVHWRJHWDQDSSUR[LPDWLRQU·
RIU0DQ\DSSURDFKHVDWWKLVVWDJHFRPSXWHU·DVWKHDYHUDJHRIU    U   WKHUHE\QHJOHFWLQJWKH
IDFWWKDWWKHREVHUYDWLRQVRI %·VPRYHVDUHQRW LQGHSHQGHQWEHFDXVHWKHVXEVHWVRI%·VDFWLRQV













      B lies
B tells the truth
      B lies
      B lies
      B lies
      B lies
B tells the truth












7:   %YDOXHVDQG WRSURSDJDWHYDOXHVDORQJFDXVDOO\GHSHQGHQWDV LQ%D\HVLDQ LQIHUHQFH8Q
IRUWXQDWHO\KRZHYHU$KDVQRPHDQVWRDFFHVVWKHREVHUYDWLRQVFRQFHUQLQJ%·VDFWLRQVWRZDUGV
:   :  «:  RWKHUWKDQE\ZKDWLVVDLGDERXWWKHPE\WKHSRVVLEO\GHFHLWIXOZLWQHVVHV7KHUH














VRPHREVHUYDWLRQVDERXWWKHEHKDYLRXURI%LWVHOIZKLFK\LHOGHGDGLUHFWWUXVWYDOXH7   $% 




      B lies
B tells the truth
      B lies
      B lies
      B lies
      B lies
B tells the truth






W  tells the truth
      W lies
      W lies














,QRUGHU WRHYDOXDWHRXUFRQFHSWRI WUXVWZHFKRVHDQH[WHQVLRQRI WKHSULVRQHU·VGLOHPPD
JDPHHQKDQFHGZLWKDSDUWQHU VHOHFWLRQSKDVH 6FKLOOR DQG)XQN$JHQWVGRQRW DSULRUL
NQRZDERXWWKHVRFLDODWWLWXGHRISRWHQWLDOSDUWQHUVEXWWKH\FDQOHDUQIURPH[SHULHQFHDQGRE
VHUYDWLRQ:HPRGHOHJRLVWLFDQGDOWUXLVWLFSHUVRQDOLW\SURILOHVEXWZHSURYLGHWKHPZLWKDIX]]\
IDFWRU HDFK DJHQW SOD\V DFFRUGLQJ WR LWV VRFLDO DWWLWXGHZLWK D JLYHQ SUREDELOLW\ ,VRODWLRQ IURP
IXWXUHJDPHVFDQEHDSXQLVKLQJUHVXOWIURPFRQVWDQWO\SOD\LQJGHIHFW6LQFHZHIRFXVKHUHRQ















)RU WKH VHFRQG VWHSZH LQWURGXFHDFRQWUDFWQHWOLNHSURWRFRO7KHSURWRFRO LV H[HFXWHGXQWLO
HDFKSOD\HUKDGWKHFKDQFHWRILQGDSDUWQHU)RUHDFKQHZURXQGWKHDJHQWVDUHVRUWHGE\UDQ
GRPWRJXDUDQWHHHTXDOFKDQFHVWRDOOSOD\HUV7KHILUVWDJHQWLQWKLVOLVWLVHOHFWHGPDQDJHU7KH
PDQDJHU DQQRXQFHV LWV LQWHQWLRQ IRU D JDPH RI SULVRQHU·V GLOHPPD $OO RWKHU DJHQWV DQVZHU
ZKHWKHUWKH\ZDQW WRSOD\ZLWKKLPDQGZKDW WKHLU LQWHQWLRQZRXOGEH7KHPDQDJHU WKHQPD\
FKRRVHDPRQJWKHPKLVSDUWQHUIRUWKHJDPH,IKHKDVOLPLWHGNQRZOHGJHDERXWWKHVRFLDODWWL

















QHLJKERXUKRRGQRWLFHWKLV7KHUHIRUH LWFDQDQGZLOOKDSSHQ WKDWDJHQWVPD\DW ILUVWJDLQ IURP
DEXVLQJWKHLJQRUDQWPHPEHUVRIDQDJHQWVRFLHW\,QRXUH[SHULPHQWVZHZLOOGHPRQVWUDWHWKDW














WLPH (OHFWURQLF FRPPHUFH LV XQERXQG E\ QDWLRQDO IURQWLHUV DQG WKHUHIRUH IUHH IURP QDWLRQDO
DXWKRULWLHV ,Q WUDGLWLRQDO WUDGLQJKRZHYHU WKHVHDXWKRULWLHVJXDUDQWHHG WKH IXOILOPHQWRI DJUHH
PHQWV RU SXQLVKPHQW E\ WKHLU SRZHU 7KLV PHDQV RI VWDELOLW\ LV QRW DYDLODEOH LQ HOHFWURQLF
FRPPHUFHDQGIRUPDQ\EXVLQHVVSDUWQHUVLWZLOOQRWEHIRUVRPHWLPH,QRXUVHWWLQJWKHDJHQWV
ZLOOQRWEHSXQLVKHG LI WKH\GHFHLYH WKHLUJDPHSDUWQHUVEXWZHHQDEOH WKHP WR WUDFNYHU\ IDVW
ZKLFKDJHQWLVEHKDYLQJLQDGHFHLWIXOZD\VRWKDWWKH\SHUIRUPVWLOOYHU\ZHOO7RPRGHOWKHFRQ
IOLFW EHWZHHQ EHKDYLQJ FRRSHUDWLYH RU GHFHLWIXO DQG WKH UHVSHFWLYH RXWFRPHV ZH XVH WKH






WKLV FRPPXQLFDWLRQ LV LQ ERWK VHWWLQJV QRW FRPSOHWHO\ REMHFWLYH WR DYRLG WKH DPELJXRXV WHUP
WUXVW,QRXUH[SHULPHQWVDJHQWVZLOOWRVRPHH[WHQGEH O\LQJ$VWKH\GRQRWZDQWWREHIRXQG
PDNLQJXSIDOVHGDWDWKH\ZLOOWU\WRELDVWKHLQIRUPDWLRQWKH\FRPPXQLFDWH7KLVFDQEHDFKLHYHG








ZLOOEHDQHDV\WR LPSOHPHQWZD\WRILQGRXWVD\ZKLFKZHEVLWH\RXFDQ WUXVW WRQRWDEXVH WKH
LQIRUPDWLRQRIWKH&RRNLHVHWRQ\RXUPDFKLQHHJIRUXVLQJSHUVRQDOGDWD0RUHVHULRXVLVD
VLPLODU DSSOLFDWLRQZKHUH RXU DSSURDFK LV MXVW DV DSSOLFDEOH WKH SUREOHP RI GLIIHUHQWLDWLQJ EH















7KHQRGHVDUHDQQRWDWHGZLWK WZRYDOXHV WKH WUXVWZKLFK WKHDJHQWFDQSXW LQWR WKHDJHQW
UHSUHVHQWHGE\WKHQRGHDQGWKHDOWUXLVPWKDWFDQEHH[SHFWHGIURPLW7KHHGJHVFDUU\LQIRUPD
WLRQRQWKHREVHUYDWLRQVWKDWWKHSDUHQWQRGHDJHQWWROGWKHRZQHURIWKHQHWDERXWWKHWKHFKLOG




























S = en %XWKRZFDQWKHGHFLVLRQPDNHU
FRPELQHLQIRUPDWLRQRIDZLWQHVVZLWKWKHQHFHVVDU\ZHLJKWRIWKHWUXVWLQWKHZLWQHVV"$QGHYHQ






7KHVHZLWQHVVHVPD\KDYHRQO\SDUWLDO LQIRUPDWLRQRQ WKH WDUJHW DJHQWEXWRXUDOJRULWKPGHDOV
ZLWKWKLVE\FRPELQLQJPDQ\VHWVRISDUWLDOGDWDOLNHDMLJVDZSX]]OHWRDSSUR[LPDWHWKHELJSLF
WXUH$GGLWLRQDOO\WKHDOJRULWKPGHDOVZLWKRYHUODSSLQJGDWDVHWV$OVRWKHGHFLVLRQPDNHUKDVWR


















PDWLRQ RU FODLPV WR KDYH QR LQIRUPDWLRQ 7KH YDULDEOH S GHQRWHV WKH IUHTXHQF\ RI O\LQJ
$FFRUGLQJWRWKLVO\LQJLVDIXQFWLRQ

'HILQLWLRQ  Lying : e{ }→ e, ε{ }
                                 x D
e
ε
with probability p  
  with probability 1 - p
   
6RZHH[SHFWZLWQHVVHVWREHKDYHLQWKHIROORZLQJZD\:KHQDQDJHQWUHTXHVWVLQIRUPDWLRQ
RQDJLYHQWDUJHWDJHQWLWFKHFNVLWVRZQREVHUYDWLRQV,WWUDQVPLWVDOOWKHGDWDRQGLVKRQHVWDQG





PD\KDYHREVHUYHGJDPH[E\ LWVHOI$Q DOWHUQDWLYH LV WR LQIOXHQFH WKH MXGJHPHQW RI RWKHUV E\
SURYLGLQJELDVHGLQIRUPDWLRQ7KLVIXQFWLRQLVWRVRPHH[WHQGQRWLQWXLWLYHWRZKDWKXPDQVXQ
GHUVWDQGE\O\LQJ7KHUHDVRQIRUVWLOOXVLQJWKLVWHUPLVWKDWZHEHOLHYHWKDWWKHVDPHPHFKDQLVP
FDQEHXVHG IRUPRUHFRPSOH[ VWUDWHJLHV LQ O\LQJDQG WKDW LW FRYHUVPDQ\RI WKH LQWHQWLRQV H[
SHFWHG E\ DJHQWV LQ VHWWLQJV OLNH HOHFWURQLF FRPPHUFH:HZLOO ORRN DW RWKHU O\LQJ VWUDWHJLHV LQ
XSFRPLQJUHVHDUFK
0DWKHPDWLFDOO\VSHDNLQJZKDWKDSSHQVZKHQWKLVIXQFWLRQLVDSSOLHGLVD%HUQRXOOLH[SHULPHQW,W
LV OLNHWRVVLQJDFRLQWKDWZLOOVKRZKHDGVZLWKSUREDELOLW\S ,Q WKLVFDVH VKRZLQJKHDGVFRUUH
VSRQGVZLWKWHOOLQJDERXWWKHGDWDLWHPWDLOVLVQRWWHOOLQJDERXWLW5HSHDWLQJWKLVH[SHULPHQWLVD
%HUQRXOOLFKDLQ7KHWUDGLWLRQDOXVHRID%HUQRXOOLFKDLQLVWRGHWHUPLQHWKHQXPEHURIKHDGVRUWDLOV
WKDWZLOO VKRZ RQ WRVVLQJ D FRLQ Q WLPHV:HZLOO GR VRPHWKLQJ GLIIHUHQW $IWHU D ZLWQHVV KDV
FRPPXQLFDWHGVRPHGDWDZHNQRZKRZPDQ\WLPHVWKHO\LQJIXQFWLRQKDVUHWXUQHGHEXWZHGR
QRWNQRZKRZPDQ\ WLPHV LW UHWXUQHG ε 2U LQRWKHUZRUGVZHNQRZ WKHQXPEHURIKRQHVW
UHSOLHVZKLFKZHDOVRGHQRWHZLWKHEXWZHGRQRWNQRZWKHWRWDOQXPEHURI%HUQRXOOLH[SHUL
PHQWVQ$QH[DPSOHRIVXFKDVLWXDWLRQLVJLYHQLQ)LJXUH7KHILUVWWZRURZVRIGDWDUHSUHVHQW












Dat a o n  game res u l ts Lies
Wi t ness 1 ¦ ¦ X X X X ?
Wi t ness 2 ¦ ¦ X X X ?










%\XVLQJ WKHIRUPXOD IRUELQRPLDOGLVWULEXWLRQV LW IROORZVGLUHFWO\ IURP WKLVPRGHO WKDW WKH
SUREDELOLW\IRUWKHHYHQWWKDWWKHZLWQHVVKDVOLHGNWLPHVLIZHUHSODFHQE\k + e LV
P(T = k) =
(k + e)!
k!e!
(1− p)k p e
1RZZHFDQLQIHUZKDWWKHH[SHFWDWLRQYDOXHLVLHKRZRIWHQFDQZHH[SHFWGLGWKHZLWQHVV
OLH:HQHHGWRGLVWLQJXLVKWZRFDVHV












∑ pe = (k + e) p





WLRQ LQ WKHFDVH WKDW LW UHSRUWVRI DW OHDVWRQHSRVLWLYH LQIRUPDWLRQ1RZZH WDNH D ORRN DW WKH
PRUHGLIILFXOW FDVH WKDW WKHZLWQHVV UHSRUWVRQ]HURSRVLWLYH LQIRUPDWLRQ7KLVZLOO RFFXU LI WKH
ZLWQHVVOLHVYHU\RIWHQLWVSLVODUJHRULILWKDVRQO\YHU\IHZSRVLWLYHLQIRUPDWLRQRQWKHWDUJHW
DJHQW,QDQ\FDVHZHZRXOGOLNHWRLQIHUVRPHWKLQJIURPLWVWHVWLPRQ\











∞∫ dk = pk
0
E∫ dk ⇒ k = ln 12ln p 
$VZHNQRZQRZKRZWRGHWHUPLQHWKHDPRXQWRIKLGGHQLQIRUPDWLRQZHFDQILOOLQWKHGDWD










WULEXWLRQ RI WKH XQUHSRUWHG H ZLOO EH VLPLODU WR WKH GLVWULEXWLRQ RI WKH XQUHSRUWHG H ,Q
PDWKHPDWLFDOWHUPVWKLVPHDQVWKDWWKHGHQVLW\RIWKHGDWDWKHUHODWLRQRIWKHRYHUODSSLQJRIWKH




























WKLVFDOFXODWLRQ:HKRSH WKDW WKHUHVXOWVZLOOEHFRQYLQFLQJ WR WKHUHDGHUDQGFUHDWH LQWHUHVW LQ
IXUWKHUUHDGLQJ7KLVDSSUR[LPDWLRQZLOOKRZHYHUUHWXUQRQO\JRRGYDOXHV LI WKHHVWLPDWLRQRI
WKHKRQHVW\RI WKHZLWQHVV LV JRRG 6R WKHRYHUDOO SHUIRUPDQFHRI WKLV FDOFXODWLRQZLOO LQFUHDVH
ZLWKWKHDPRXQWRIGDWDWKDWLVDYDLODEOHWRWKHGHFLVLRQPDNHUZKLFKVWLOOLVDUHDVRQDEOHEHKDY
LRXUIRUWKHDOJRULWKP
2QHRI WKHDGYDQWDJHVRI WKLVSURFHGXUH LV WKDWZHGRQRW WU\ WRSURSDJDWHZHLJKWVRQ WKH
WUXVWDELOLW\RIZLWQHVVHVWKURXJKWKHQHWEXW UHFRQVWUXFW IRUHYHU\PHUJHRI LQIRUPDWLRQDQDS








7KH H[DPSOHZH EULHIO\ GHVFULEH KHUH XVHG WKH IROORZLQJ SDUDPHWHUV:H KDG DJHQWV ZLWK
WKUHHGLIIHUHQWYDOXHVIRUKRQHVW\DQGDQGWKHVDPHWKUHHGLIIHUHQWYDOXHVIRUWKHLU
DOWUXLVP$OOFRPELQDWLRQVRISDUDPHWHUVZHUHHDFKUHSUHVHQWHGE\WKUHHDJHQWVZLWKWKHDELOLW\WR
















1 4 7 10 13 16 19 2




















ORZLQJ WKH DJHQWV PRUH REVHUYDWLRQ  DQG  RI WKH SOD\HUV ,Q WKLV FDVH WKHUH LV D
WHQGHQF\WKDWWKHFRQWUROJURXSVSHUIRUPEHWWHUFRPSDUHGWRWKHJURXSVZLWK7UXVW1HW:HH[







DOJRULWKPKDV EHHQ GHVFULEHG DQGPRGHOOHGZLWK VRFLRORJLFDO DQG SV\FKRORJLFDO WHUPLQRORJ\ WR



























&RPSXWHU 6HFXULW\(625,&6  ² 7KLUG (XURSHDQ 6\PSRVLXP RQ UHVHDUFK LQ &RPSXWHU 6HFXULW\ %ULJKWRQ
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